A hundred adult of tilapia, Oreochromis niloticus, were inoculated intraperitoneally with 10 8 c.f.u. of Mycobacterium marinum. Other 100 speciemns were maintained without inoculation. Blood samples of six inoculated animals were collected at 01, 03, 07, 14, 21, 28, 35, 42, 49, 56 
INTRODUCTION
Although teleost fishes have been widely studied, their inflammatory responses have received little attention. Mycobacteriosis is one of the various diseases that occur in fish, and is caused by bacteria belonging to the family Mycobacteriaceae.
These are visually demonstrated as straight or slightly curved bacilli which have aerobic, immobile, and nonsporulating characteristics. They are acid-alcohol fast and often considered to be Gram-positive. Various mycobacteria species are ubiquitous in the environment and can be found in water, soil and dust (Ferracini, 1992) . Mycobacteriosis is primarily a disease of zoonotic importance, and in humans can cause cutaneous lesions (piscine granuloma), commonly associated with professional and recreational activities. Studies about ectothermic animals tuberculosis began in 1897 when Bataillon, Dubart and Terre (apud Inglis, Roberts and Bromage, 1994) described the disease in carp (Cyprinus carpio L.), found in ponds contaminated by human waste containing the tuberculosis bacteria. Jakowska and Nigrelli (1953) conducted an experimental study of the inflammatory process by the biological agents inoculation in fish, when they reported their observations regarding the lesions induced by Mycobacterium spp. in Poecilia reticulata P. These lesions were first characterized by an exudate composed predominantly of eosinophils, containing gross granulation and phagocytic material. After two days following the inoculation with the agent, it was detected a predominance of macrophages and the formation of granulomatous tissue. It is known that mycobacteriosis in ectothermal organisms can be induced by parenteral injections of mycobacteria suspensions. However, the natural form of infection occurs by the ingestion of infected tissues or contaminated food (Nigrelli and Vogel, 1963) . Jaeger (1988) pointed out the importance of these effects, relating them to the relative frequency of mycobacteriosis in individuals maintained in captivity, due to the inadequate conditions in which they were kept. In Brazil, there have been some reports of mycobacteriosis in amphibians (Barros et al., 1988 , Souza et al., 1990 , Magalhães et al., 1992 , Souza, 1993 and Moraes et al., 1996 , 1997 and reptiles (Ramos, 1997) . However, there are few reports of the occurrence of this disease in fishes (Couto and Araújo, 1983) . Therefore, further studies are needed to before we can understand the occurrence and consequences of mycobacteriosis in fish kept in capitivity in Brazil with the aim of preserving the health of both farmed fish and consumers. There is a growing interest in the Nile tilapia, Oreochromis niloticus, culture in Brazil. In 1996, this species represented 32% of Brazilian farmed production, increasing this peak in 1998 to 35%, or 35,000 tonnes/year (Agriculture Ministery, Brazil, 2002) . The popularity of this fish is rapidly growing throughout the world; which has now been recognized in many regions as an excellent food source. The use of haematological parameters as fish health indicators has been proposed by Hesser (1960) . Since then, many investigators have examined the physicochemical composition of fish blood as it reflects the individual physiological state at a given time. As modern biologists discover the necessity to conduct blood studies to learn more about organisms physiological response to a pathogenic agents, more clear becomes the importance of hematology relating to disease. Ishikawa (1998) . Another 100 fishes were kept without inoculation. The inoculation in this study was based on Hatai et al. (1988) , Kawakami and Kusuda (1990) and Talaat et al. (1997) . Six inoculated fishes were utilized for each sampling. Blood samples were collected at 24 h and 72 h, and every 7 days after the inoculation for the first 8 weeks and then at the 84 th day, totalizing 11 samples. Initially, 6 specimens were taken from the non inoculated group and considered as "time zero". The fishes were anesthetized with benzocaine at a concentration of 100 mg/L (Green, 1979) , and blood was withdrawn from the caudal peduncule. The haematocrit (Hct) was determined by the microhaematocrit method according to Goldenfarb et al. (1971) , and haemoglobin concentration (Hgb) by the cyanomethaemoglobin method (Collier, 1944) . The erythrocyte count or total cell number (RBC) and total leukocyte count (WBC) were determined using a Neubauer chamber with Natt and Hedrick (1952) solution as dilutant. The haematological indeces, mean corpuscular volume (MCV), mean corpuscular haemoglobin (MCH) and mean corpuscular haemoglobin concentration (MCHC) were calculated according to Wintrobe (1934) . The differential leukocyte count and the total thrombocyte count (Tr) were carried out using blood smears stained according to the Rosenfeld (1947) method. To prevent blood coagulation disposable syringes and needles were heparinized. Following examination, the specimens were euthanized by cerebral comotion. The biological data were recorded (Wt -total weight in grams and Lt -total length in cm) and a ventral incision was made to expose the visceral organs.
The means and standard error of means of each haematological parameter were calculated, and analysis of variance (ANOVA) was used to evaluate differences among these data. 
RESULTS
The inoculated fishes did not show clinical signs of mycobacteriosis during the experimental period. Based on the analysis of variance (ANOVA), the haematological parameters RBC, MCV, MCH, MCHC and WBC, of some sampling time were significantly different from the "time zero" animals (p<0.05). Figure 2 showed that there was a large oscillation in thrombocyte counts among the first samplings. At day 28 after inoculation, however, the number of thrombocytes decreased substantially with a tendency to return to normal levels in subsequent samplings. Inoculated fishes showed leukocytosis mainly due to neutrophilia and slight lymphocytosis after one day, which was characteristic of an acute infection (Fig. 3) . However, after 3 days the occurrence of lymphocytosis and neutropenia was noted suggesting that a serious infection process took place. Monocyte counts increased at days 14 and 35 and remained high until day 45. At the end of the experiment, the mean values of each type of leukocyte were close to those of fish at time zero. In a kinetic study conducted with inoculated fish, mycobacteria was present in variable and irregular quantities in the blood (Ishikawa, 1998) .
Eosinophils were seen only in one animal 14 days after the inoculation, and therefore these do not appear in the Figure 3 . The blood of the inoculated fishes showed marked morphological abnormalities typical of immature cells. These changes comprised greater cytoplasmic vacuolization in monocytes compared to the non inoculated group and toxic cytoplasmic granulations in neutrophils. At the 6 th sampling (28 days), the neutrophils showed an intensive cytoplasmic basophilia, and at the 9 th week (49 days), the monocytes showed numerous vacuoles and were comparatively bigger than those of monocytes from preceding samplings. Vacuolization was also observed in the cytoplasm of lymphocytes and neutrophils (Fig. 4) , predominantly in the last sampling. Differences between means for the different types of leukocytes were significant, except for eosinophils and basophils compared among each other. 
DISCUSSION
Mycobacteriosis is a chronic progressive disease. Clinical manifestations of this disease in fish include lethargy, anorexy, fin and scale loss, exophthalmia, emaciation, skin inflammation and ulceration, edema, peritonitis and nodules in muscles, which may deform the fish (Stoskopf, 1992) . However, these signs of disease were not observed in tilapia in the present study, even though the growth of bacterial colonies was found in the internal organs (liver, spleen and kidney) by Ishikawa (1998) , confirming the presence of infection. Nigrelli and Vogel (1963) presented a list of 151 fish species diagnosed with mycobacteriosis and later Dulin (1979) also acepted that any species of fish was susceptile to this infection. In 1990, Noga et al. found samples of adult Oreochromis mossabicus raised in an aquarium with clinical signs of mycobacteriosis. However, no report was found relating haematological analysis an M. marinum in fish. The values of the haematological parameters found for the time zero group were quite similar to both reported by Ranzani-Paiva et al. (1998) for Nile tilapia obtained from a natural habitat and by Tavares-Dias et al. (2000) for the hybrid Florida red tilapia, Oreochromis urolepis hornorum X O. mossambicus, under intensive rearing. The haematological parameters for intraperitoneally inoculated Nile tilapia with M. marinum showed very significant variations during the course of the experiments. Based on the haematological indeces it was evident that these changes occured mainly during the first week following inoculation. Barham et al. (1980) and Brenden and Huizinga (1986) also showed that infected fishes have more circulating immature erythrocytes than the healthy ones. The decrease in the erythrocytes number and the haematocrit of tilapia inoculated with M. marinum could suggest, as similarly in birds (Hawkey et al., 1990) , a tendency to develop hypochromic, microcytic anaemia. Observations made in this study indicated that most of the haematological parameters were altered by the disease. Ishikawa (1998) , showed that the spleen, liver and kidney of unhealthy fish held fairly severe infection, suggesting that haematopoiesis was also severely affected and this affected the peripheral blood by decreasing erythrocyte volume. Regarding fish, the role of the thrombocytes in the inflammatory process is still unknown. According to Matushima and Mariano (1996) , these cells participate, together with the lymphocytes, directly in the granulomatous reaction. According to Finn and Nielson (1971) thrombocytes are present in recent fish lesions, more as a secundary cell type rather than one playing an active role. In the present study, thrombocyte counts were altered, decreasing shortly after fish inoculation, when numerous bacterial colonies were seen within organs. Lester and Budd (1979) , in fishes experimentally inoculated with Vibrio spp., found thrombocytes, neutrophils and monocytes, apparently with phagocyted bacteria. Finn and Nielson (1971) observed in Salmo gairdneri (= Oncorhynchus mykiss) a slight neutrophilia soon after the injection with complete Freund's adjuvant or a saline suspension of heatkilled Staphylococcus aureus. This occurred between 12 h and 2 days with a peak at 24 h. Macrophage (monocytes) counts increased at day 4 and remained elevated. In the present paper, neutrophilia occurred initialy, however, without an increase in the number of immature cells, which was characteristic of a chronic infection process. Some changes were noticed in the morphology of leukocytes of O. niloticus during the course of the infection process. After the 4 th sampling (14 days), it was noted that some immature neutrophils showed toxic granulations, similar to those described by Hine and Wain (1988) . By the 6 th sampling (28 days), neutrophils showed an intense cytoplasmatic basophilia and in the 9 th week (49 days), monocytes showed numerous vacuoles and were comparatively larger than the monocytes in preceeding samplings. Vacuolization was also observed in the cytoplasm of lymphocytes and neutrophils mainly in the last sampling. In mammals, the elements frequently referred as "toxic" neutrophils are indicative of serious infection and a severe inflammatory condition. "Toxic" neutrophils are characterized by cytoplasmic basophilia, prominent toxic granulation, loss of nuclear chromatin differentiation and vacuolization of the cytoplasm (Canonino et al., 1979 apud Hine and Wain, 1988 and Hawkey et al., 1990 . These characteristics could also be associated with immature neutrophils (cytoplasmic basophilia and no nuclear differentiation); however the release of immature neutrophils into the circulatory system is generally accompanied by neutrophilia, in fishes as well as in mammals, and it is a nonspecific response to stress, such as in inflammation and diseases (Brenden and Huizinga, 1986) . The increase in neutrophils represents a nonspecific immune response to the bacterial infection. Hine and Wain (1988) also observed in eels (Anguilla anguilla L.) injected with bacterial lipopolysaccarides the presence of neutrophils, these were intensively basophilic, more vacuolized and frequently found with an undifferentiated nucleus. According to Janini and Janini F o. (1992) , in a specific inflammatory process there is an initial phase with normal red blood cell values and neutrophilia, eosinophilia, lymphocytosis and monocytosis associated with structural modifications of the monocytes. Brenden and Huizinga (1986) noted a marked change in a predominance of lymphocytes to a predominance of neutrophils which then persisted in the blood of Carassius auratus L., 12 h after being experimentally inoculated with Aeromonas hydrophila. The dynamics of the inflammatory reaction represents important aspects of immunity. Factors influencing this response may have a significant effect on resistance to disease. Mac Arthur et al. (1984) studied the migration of leukocytes from the blood and organs into sites of tissue damage, in Pleuronectes platessa L. injected intraperitoneally with either oyster glycogen or live Vibrio alginolyticus, observing an acute cellular inflammatory response. The inflammatory response was biphasic with a peak in the neutrophil number and total leukocyte count on the second day, with a following peak of macrophages on the seventh day after inoculation. Some haematological changes, including monocytosis, have been described in domesticated birds with avian tuberculosis. Monocytes and total leukocyte numbers were found to increase in 92% of the cases, while heterophilia was seen in 81%, lymphocytosis in 39%, eosinophilia in 42%, basophilia in 19%, and thrombocytosis in 50% of the birds (Hawkey et al., 1990) . In another case, buffaloes inoculated with Mycobacterium bovis, Kumar and Parihar (1998) found significant reduction of RBC, Hct, Hgb and neutrophil percentages, followed by a slight increase with the progression of the disease. A slight reduction in the thrombocyte count also appeared to be an integral cause in the deteriorating health of the animals following onset and progression of infection. The lymphocyte percentage fluctuated during the course of the disease but these changes were not significant. Monocyte levels were found to increase significantly towards the later stage of the disease.
CONCLUSIONS
The inoculation of O. niloticus with M. marinum did not significantly alter the red blood cell series of the fish. However, there was a discreet hypochromic, microcytic anemia. The leukocytes, however, showed a variation in number, characterized initially by an acute inflammatory reaction and a consequent chronicity. Although these results were not conclusive, they might have greater practical significance in the diagnosis of this disease.
RESUMO
Cem exemplares adultos de tilápia, Oreochromis niloticus, foram inoculadas intraperitonealmente com 10 8 UFC de Mycobacterium marinum e outras 100 foram mantidas sem inoculação. Inicialmente, o sangue de 6 exemplares não inoculados foi colhido e considerado como "tempo zero". Do grupo dos inoculados foi retirado sangue de 6 animais por colheita, 1, 3, 7, 14, 21, 28, 35, 42, 49, 56 
